This Technical Briefing describes the nature of Software Qualities (SQs), ilities, or non-functional requirements (reliability, usability, affordability, etc.), and discusses the importance of understanding their nature and interrelationships, and of bringing them into balance in the practice of software engineering. The relevance and timeliness of this topic reflects the current and future trends toward more software-intensive systems, with greater complexity, autonomy, speed of change, and need for interoperability within systems of systems, given the frequent system shortfalls and overruns that occur when their SQ balance is not achieved. It discusses the weaknesses of current SQ standards and guidance, and summarizes research toward strengthening current SQ definitions and relationships. This includes a set of initial SQ ontology elements and relationships, examples of their application to some key SQs, an identification of further research and development needed to make the ontology fully useful and evolvable, and the nature of an international collaborative effort to help improve current practices via a Qualipedia for accessing the evolving body of knowledge for improving SQ engineering.
INTRODUCTION
The nature of the SQs is best understood with respect to their synonym of extra-functional properties as above. Functional requirements specify the functions that a software-intensive system shall perform, or basically what it should do. Their effect on software and system cost is basically additive; adding a function adds the cost to develop it, plus another fraction for its contribution to software-system integration and test. An extra-functional requirement specifies how well the system and software should perform their functions.
Unlike functional requirements, its effect on system cost is systemwide and multiplicative. In one example, changing the response time for a complex system with 2000 pages of functional requirements from 1 second to 4 seconds reduced the cost from $100 million to $30 million, in this case by avoiding the need for an expensive custom solution, and by showing that a 4-second response time was acceptable for 90% of the transactions and achievable via commercial technology. However, functional requirements are much more emphasized in system acquisitions, via such practices as initial system functional review milestones, function-oriented system definition diagrams, functional work breakdown structures and associated earned value milestones, and functional traceability matrices. The SQ requirements trace to the entire software architecture and product, or at least to all of a set of complex stimulus-response threads, not just to a part of the design.
MOTIVATION AND CONTEXT
The Technical Briefing will begin by summarizing the motivation for the topic and explain the nature and importance of the SQs, using the project described above as an example of the increasing need to improve and balance the SQs. For example, current and future trends are toward more software-intensive systems, with greater complexity, autonomy, speed of change, and need for interoperability within systems of systems. Examples are Internets of Things, massive-data analytics, self-driving cars, dynamic global supply chains, and software-driven human prosthetics, with associated needs for simultaneous achievement of higher levels of safety, security, scalability, adaptability, multi-cultural usability, speed of development and evolution, and affordability.
It will continue by summarizing some of the major weaknesses of current SQ practices. The leading current standard in the area, ISO/IEC 25010 [7] is particularly weak. For example, it defines Reliability as the "degree to which a system, product, or component performs specified functions under specified conditions for a specified period of time." As a standard, this is supposed to hold for any definition of "specified functions" and "specified conditions." However, for agile methods, "specified functions and conditions" are often sunny-day stories or use cases, and a system will then be judged to be ISO/IEC-reliable if it satisfies only the specified sunny-day conditions, but fails on the rainy-day conditions. Further, the standard only focuses on performing functions and not on satisfying SQ levels.
Another weakness is the diversity of SQ definitions. For example, the definitions of the SQ Resilience in Wikipedia differ between and within the domains of Ecology, Energy Development, Engineering and Construction, Network, Organizational, Psychological, and Soil. Within the Ecology and Society domain, an additional set of definitions includes Original-ecological, Extended-ecological (several definitions), Systemic-heuristic, Operational, Sociological, Ecological-economic, Social-ecological, Metaphorical, and Sustainabilty-related. The differences are nonPermission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. Copyright is held by the owner/author(s 
IMPROVING AND BALANCING SQS
The Technical Briefing will continue by summarizing the major previous contributions to improving and balancing the SQs, represented by references [1,2; 5-9] . It will then present recent US work in developing ontologies identifying the relations among and sources of variation in quantitative SQ values [3, 4, 11] , and in coordinating these with counterpart efforts in Europe [10] and elsewhere.
The System Qualities Ontology, Tradespace, and Affordability (SQOTA) ontology presented in [3] and updated in [4] is based on the IDEF5 ontology framework, with the top-2 levels of a a classhierarchy SQ framework shown in the table below, and meansends relationships among the SQs. Unlike ISO/IEC 25010, which imposes a strict but unrealistic one-to-many SQ hierarchy, the SQOTA framework permits many-to many relations at level 2 (as with Maintainability) and at lower levels. For example, Testability is a means of achieving many of the level-2 SQs, while it only supports Maintainability in 25010. The ontology also includes the major sources of SQ value variation in terms of SQ Referents summarizing variations in stakeholder SQ value propositions (e.g., for Dependability, what are the stakeholders depending-on in terms of Mission Effectiveness (speed, accuracy, interoperability, usability, etc.), and in terms of Life-Cycle Efficiency, Dependability, and Changeability, and their various subclasses such as Testability). The other sources of value variation in the ontology are the internal and external system States, internal and external Processes, and synergy and conflict Relations among Dependability and the other SQs. Examples will summarize work to date in identifying synergies and conflicts across the major SQ value categories, and in providing sample quantitative tradespace relationships available for balancing key SQs such as cost, schedule, reliability, and functionality in terms of software size. The briefing will discuss other related research in the area, and the nature of an international collaborative effort to help improve current practices via a Qualipedia for accessing the evolving body of knowledge for improving SQ engineering.
As an example, Reliability is often specified by a one-size-fits-all statement such as, " Thus, the ontology elements enable better support in improving and balancing system qualities. The briefing will also provide quantitative real-project examples.
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